The spatial distribution of trace elements in human lymph nodes partially infiltrated by melanoma cells was determined by elemental bio-imaging. Imaging of 31 P within the nodal capsule and normal lymph node tissue showed a clear demarcation of the tumour boundary, with a significant decrease in relative 31 P concentration within the tumour. The location of the tumour boundary was confirmed by haematoxylin and eosin staining of serial sections and observation by light microscopy. Further enhancement of the tumour boundary was achieved by imaging the 31 P/ 34 S ratio.
Introduction
Melanoma is a malignant tumour that arises from melanocytes that are normally found in the basal cell layer of the epidermis of the skin. The WHO estimated the global mortality from melanoma in 2000 at over 65,000 1 . 9,722 new cases of melanoma were diagnosed in Australia in 2004, with 1,200 reported fatalities 2 giving Australia the highest incidence of melanoma in the world. It has been suggested that global incidence rates of melanoma will double every 10-20 years for the foreseeable future 3 .
Mortality from most solid malignancies usually occurs as a consequence of tumour metastasising from its site of origin to distant locations. Lymph nodes receive lymphatic fluid directly from the primary tumour and are the most common first sites to harbour metastases. Metastatic melanoma is present in lymph nodes in approximately 20% of melanoma patients with primary tumours >1mm in thicknessIdentification of the presence of melanoma metastases in clinically negative regional lymph nodes is usually achieved by surgical removal of the lymph node most likely to harbour metastases (i.e. the sentinel lymph node) and laborious histopathological examination of tissue sections stained both with hematoxylin and eosin (H&E) and immunohistochemically for various melanoma-associated antigens.
The tumour-harbouring status of the sentinel lymph node is the most important prognostic factor in patient's presenting with early stage melanoma 5 .
An alternative method for detection of melanoma in lymph nodes is chemical imaging. Fourier transform infrared (FTIR) spectral imaging has been used to investigate cutaneous melanomas 6, 7 .
Recently, K-means clustering was used to identify infrared spectral similarities in skin basal cell carcinomas (BCCs), highlighting the utility of imaging technology and chemometrics for the diagnosis of cutaneous malignancies 8 .
Although trace elements have long been associated with malignancy, their role and prevalence in melanoma is unknown. Phosphorus/sulphur ratios have been shown to be higher in malignant human hepatocarcinoma cell lines when compared to normal human dermal fibroblast and transformed embryo kidney cell lines 9 . Sulphur-based, cysteine-rich, zinc-binding metallothioneins (MTs) have shown both increased expression and down regulation in numerous types of types of cancers 10 .
Increased copper concentrations and lower iron levels were reported following the analysis of toenail clippings from 58 newly diagnosed cutaneous melanoma patients who did not show evidence of metastasis compared with 58 control samples 11 . In another study, serum trace element levels in healthy controls and patients with varying stages of melanoma showed an increase in zinc levels. However, no statistical difference in serum copper levels was noted in the melanoma patients 12 .
Imaging mass spectrometry 13 employs matrix-assisted laser desorption/ionisation mass spectrometry (MALDI-MS) for the imaging of peptides in tissues by monitoring specific mass-to-charge (m/z) ratios.
This technique has been applied to glioma biopsies and numerous other diseases 14 . In a similar manner, elemental bioimaging of tissue sections is possible by employing laser ablation-inductively coupled plasma-mass spectrometry (LA-ICP-MS) 15 . LA-ICP-MS is capable of determining most of the elements with a 7 order magnitude linear dynamic range, with detection limits as low as parts per trillion. The system utilises a focused laser beam (10 to 200um diameter) directed onto the surface of the tissue. The sample is ablated by an energy transfer from the laser, resulting in a plume of particles swept to the ICP by a carrier gas. The spatial distribution of elements across a tissue sample can be determined by collecting mass spectra as the laser traverses the sample in two dimensions. Maps can then be constructed of both metals and non-metals essential to physiology. Recently, elemental bioimaging has been applied to human glioblastomas 16 , labelled β-amyloid-bound antibodies in
The current study demonstrated the potential of elemental bioimaging for detection of metastatic melanoma in lymph nodes in human tissues. Construction of maps presented as single elements or ratios of elements, provided clear images of the melanoma and adjacent non-tumorous tissues.
Experimental

Instrumentation
Experiments were conducted using a New Wave UP-213 laser ablation unit (Kenelec Technologies, Mitcham, Victoria, Australia) hyphenated to a 7500ce ICP-MS (Agilent Technologies, Forrest Hill, Victoria, Australia). A 'cs' lens system was fitted to the 7500ce for enhanced sensitivity. The frequency-quintupled Nd:YAG laser produced a laser wavelength of 213 nm. The LA-ICP-MS system was tuned for sensitivity using NIST 612 glass.
Apart from high sensitivity, the instrument was tuned to deliver low oxides. This was done by ablating NIST 612 glass and measuring masses 232 and 242 (Th and ThO respectively). Using an RF power setting of 1200W and sampling depth of 6mm, ThO/Th ratios were consistently lower than 0.3%. The low oxides are attributed, in part, to the laser generated aerosol being essentially dry. In standard sample introduction systems, relatively large amounts of solvent (typically water) are passed into the plasma, contributing large amounts of oxygen and lowering the effective plasma temperature. Low
ThO\Th ratios contributed to generally low matrix derived matrix interferences. 13 C. That is the signal from the isotope of interest was divided by that of 13 C to compensate for differences in tissue thickness and density, as reported previously 15 . Relative concentrations were suitable as the concentration differences of the isotopes were easily visualised across each lymph node.
LA-ICP-MS data was exported in comma separated variable (CSV) file formats with a separate file created for each line of ablation in the x-axis. A Visual Basic macro was used to both normalise each data point to 13 C and combine all resultant data into a single ASCII file. This file was then imported into the ITT Visual ENVI 4.2 (Research Systems Inc., Boulder, CO, USA) hyperspectral imaging software package, where final images were produced. 
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